Recently, a focus on tight glycemic control in intensive care units (ICU) has resulted in implementation of strict insulin protocols requiring frequent glucose monitoring. The use of pointof-care (POC) capillary glucose testing is widespread, but its validity in the ICU has been questioned. Our objective is to better understand the use of POC glucose at the extremes of glycemic control through a case review at our institution. We describe the case of a 75-year-old non-diabetic female with end stage renal disease (ESRD) on hemodialysis who was admitted with apparent hypoglycemia. After extensive workup was done for a seemingly refractive hypoglycemia, a discrepancy between POC capillary glucose and central serum glucose levels was discovered, revealing actual euglycemia and false low POC glucose values. Cases of hypoglycemia can be challenging, especially in non-diabetic patients with ESRD. While glucometers assessing capillary glucose are used both in the outpatient and inpatient environment, their validity in the critically ill patient has known limitations. Cases such as this have led to the development of systemic checks and balances, as well as further investigations regarding the use of POC glucose meters in the ICU. This case serves as a reminder to evaluate for all causes for abnormal laboratory values, including technological limitations.
INTRODUCTION
Patients with end stage renal disease (ESRD) on hemodialysis encounter a number of metabolic challenges, including difficulty with glycemic control [1] . Non-diabetic patients with renal failure are prone to hypoglycemia [2, 3] , and at times, the etiology is difficult to determine. The differential diagnosis of hypoglycemia in the non-diabetic, non-critically ill patient with ESRD is broad including the following: exogenous sulfonylurea or insulin administration, adrenal insufficiency, non-islet cell tumors (tumor production of incompletely processed Insulin like Growth Factor IGF-1 or IGF-2), endogenous hyperinsulinism (beta cell tumors, insulinoma, functional beta cell disorder (nesidioblastosis)), insulin auto-immune hypoglycemia, critical illness, and malnourishment [1] . Additionally, because the kidney is vital for gluconeogenesis and glucose regulation, patients with chronic kidney disease often have compounding problems with glucose homeostasis and hypoglycemia [3, 4] .
Patients at either extreme of glycemic control are often admitted to ICUs, where tight glycemic control is pursued. In the surgical ICU, strict glycemic control has been shown to improve morbidity and mortality [5] . However, intensive insulin therapy also carries the increased risk of hypoglycemia. In some patients, specifically those in medical intensive care units, this can be associated with worse outcomes [6, 7] . Therefore, the reliability of glucose measurements in these clinical scenarios is essential in obtaining glycemic control while minimizing the risk of hypoglycemia.
Point-of-care (POC) glucose testing is commonly used both in outpatient and inpatient settings [8] . Numerous studies have investigated the reliability of POC glucose testing in critically ill patients. While the results in the normal hospital range show accuracy and reliability between POC testing and central laboratory testing, the results are less favorable in critical care settings and at extremes of glycemic control [9] .
Overall, the complex clinical presentation, broad dif-ferential, and questionable reliability of glucose testing in critical care settings can make the care of a patient with ESRD on hemodialysis challenging. In this case report, we describe a non-diabetic patient with ESRD on hemodialysis, without a history of glycemic control problems, who developed apparent persistent hypoglycemia as assessed by capillary glucose measurement. Eventually, the apparent hypoglycemia was attributed to discrepant POC and central glucose levels. We use this case as a reminder of the patient safety issues that can arise from the limitations of POC capillary glucose testing, especially in patients with ESRD and/or critical illness.
CASE OF APPARENT HYPOGLYCEMIA IN THE ICU
Our patient is a 75-year-old female with a history of end stage renal disease (ESRD) on hemodialysis (HD), hypertension (HTN), severe aortic stenosis, pulmonary HTN, hypothyroidism, anemia, sacral decubitus ulcers, morbid obesity. She had a rapid decline in health over the preceding six months, including dementia, episodes of sepsis, debilitating arthritis, and gallbladder surgery complicated by kidney failure for which she had become hemodialysis-dependent. On this occasion, she was admitted to the Medical ICU for apparent refractory hypoglycemia observed at a local nursing home. There, her reported blood sugar levels were 20 mg/dl -40 mg/dl. Per family reports, she did not have a history of diabetes, but had experienced a similar episode of apparent hypoglycemia one month earlier, requiring hospital admission. No further details were available. The nursing home reported symptoms of increased fatigue and questionable mental status changes. However, in the emergency room (ER), she was unable to communicate with staff and was oriented to person only, making determination of changes from baseline difficult. As a result, laboratory testing was heavily relied upon for diagnoses and treatment.
Prior to arrival, she had received intravenous (IV) fluids containing dextrose 5% and 10%. In the ER, initial fingerstick glucose revealed blood sugar of 127 mg/dl, but subsequent sugars were repeatedly <10 mg/dl on fingerstick and as a result, intramuscular glucagon was given. The timing of her last meal was not known. She was eventually started on a glucose drip and admitted to the ICU.
Initial endocrine workup showed low-normal random cortisol, with a normal cosyntropin stimulation test, and a mildly elevated thyroid stimulating hormone, making the diagnosis of panhypopituitarism unlikely. A growth hormone level was not checked. Sulfonylurea and repaglinide levels were negative, ruling out exogenous sulfonylurea or repaglinde administration. IGF-2 level was also normal. Computed Tomography of the pancreas was negative for pancreatic tumor and an octreotide scan was unrevealing for neuroendocrine tumors.
In the midst of the hypoglycemia workup, a discrepancy between glucose values from fingerstick-testing and central venous samples taken from her peripherally inserted central venous catheter (PICC) showed no evidence of significant hypoglycemia. Once this discrepancy was discovered, POC readings were taken only from PICC blood and were more closely concordant with serum glucose levels as measured on the basic metabolic panel.
Her later hospital course was complicated by septic shock from Proteus mirabilis bacteremia. After resolution of this episode, she re-developed a gram-negative rod bacteremia. She was eventually discharged without glycemic problems, but on antibiotics. Figure 1 above shows the initial discrepancy between capillary glucose and serum glucose measurements in our patient. This discrepancy became less pronounced after approximately Day 8 when most POC glucose values were obtained from central blood.
DISCUSSION
This case presents multiple points of consideration for the care of critically ill patients, especially those with ESRD, who present with apparent hypoglycemia, especially in the inpatient setting. As this case dramatically illustrates, the validation of true hypoglycemia is crucial. If true hypoglycemia is present, as was the initial assumption in this case, it first reminds us of the wide differential for hypoglycemia, especially in light of the changes in glucose homeostasis that are common in patients with ESRD.
The kidney is vital for gluconeogenesis and glucose regulation. Thus, patients with ESRD are at risk for both hyper-and hypoglycemia. Both diabetics and non-dia- OPEN ACCESS betics can experience hypoglycemia, although their etiologies can be quite different. In patients with ESRD, hypoglycemia is more common than generally thought. The mechanisms of hypoglycemia in non-diabetics patients with ESRD include reduced clearance of insulin, sub-optimal gluconeogenesis in the kidneys and deficiencies of counter-regulatory hormones such as catecholamines and glucagon. In fact, renal gluconeogenesis plays a significant role in glucose homeostasis and should be considered along with the liver as an important site for gluconeogenesis [1, 2] . In patients with diabetes, renal failure is also often accompanied by other complications of diabetes, and two of these make the blood glucose difficult to control. Gastroparesis makes it challenging to match food absorption and insulin delivery. Autonomic neuropathy may lead to hypoglycemia insensitivity. Anuric dialysis patients who do not have an osmotic diuresis have no escape valve and can have glucose levels >1000 mg/dl. These patients often appear better than other individuals with glucose levels this high because they are less volume contracted.
During hemodialysis, glucose is removed by filtration because it is a small molecule. The dialysis bath always contains glucose to prevent hypoglycemia. Thus if insulin is given at the start of dialysis, severe hypoglycemia can result. If not treated, the glucose will decrease, although not to target.
Second, and most poignantly, this case highlights a relatively common discrepancy that occurs between point-of-care capillary glucose readings and serum glucose measurements in the hospital setting. If not recognized, this discrepancy could result in serious health consequences as well as critical time and resource expenditures in the hospital setting.
It has been previously reported that significant discrepancies between capillary glucose measurements and central glucose values can exist [8] [9] [10] [11] . Generally, it has been noted that no device has an error report of less than 5%. Unfortunately inaccuracy rates can even exceed >8.5% with some meters [10] .
Capillary POC glucometer results must be interpreted in light of the patient's hematocrit level. Our patient's hematocrit ranged from 21.8 -28.3 during her admission. At our institution, the glucometer manufacturer's (Accuchek) report states that hematocrit levels <20% may yield falsely high glucose results and hematocrits >55% may yield falsely low glucose results [12] . These differences are accounted for by the fact that red blood cells consume and contain significant amounts of glucose, thereby altering the whole blood levels depending on their concentration. Additionally, each meter technology will have different sensitivity to hematocrit [10] . To date, there is only one known meter that simultaneously measures hematocrit with glucose to offset this effect [11] .
Third, glucometers may measure other sugars, including maltose, galactose or xylose, commonly found in parental nutrition, which can falsely elevate glucose readings [10, 12] .
Fourth, glucose measurement is a multistep process involving an enzymatic reaction and interference can occur at more than one step: the interaction of glucose with the enzyme, the transfer of electrons to the mediator from the enzyme and the interactions at the electrode. Substances that can falsely lower POC glucose results are extremely high triglycerides (>4800) and elevated acetaminophen levels [10] . Substances that can falsely elevate POC glucose results are bilirubin (>20 mg/dL) and uric acid [10, 12] .
In addition to these rare cases, any medical condition that causes a decrease in blood flow to the extremity will make capillary glucose results unreliable. This is common in critical care situations where vasopressor agents cause peripheral vasoconstriction and restriction of blood flow to the extremities. Other similar situations include severe dehydration, DKA or non-ketotic hyperosmolar state, hypotension, shock or peripheral vascular disease.
Overall, studies have indicated that most glucose meters are relatively accurate in the outpatient setting, however this accuracy is not as clear-cut in the inpatient setting, especially among the critically ill [9] . Over the past decade, a renewed sense of focus on glycemic control in the critically ill has emerged since the landmark study by Van den Berghe in 2001. This study demonstrated that intensive insulin therapy improves outcomes in critically ill surgical patients with a target glucose of 80 mg/dL -110 mg/dL. Subsequently, other studies failed to reproduce this finding. Specifically, results from the NICE SUGAR Study, in a multicenter setting, suggest that Van den Berghe's goal might be too rigorous, but that a glucose goal in the mid 100s was achievable and relatively safe [7] . On the other hand, it is known that certain patient populations, particularly cardiovascular patients, derive benefit from very strict glycemic control, as in Van den Berghe's protocol [6] . As a result of these studies, the consensus that closer attention to glycemic control in the critically ill has been widely accepted and hospitals across the country (especially in their ICUs) have adopted stricter insulin treatment protocols.
POC glucometers are suggested to have limitations in the ICU settings where many of these strict glycemic protocols are carried out. Even so, many ICU's use a combination of central venous glucose and POC glucose results to drive management of insulin protocols. While some studies continue to promote the use of certain POC glucometers in the intensive care setting [13] , others continue to seriously question the use of POC glucometers in this setting [9, 14] . As a result of this discrepancy, the Clinical and Laboratory Standards Institute (CLSI) is planning to release a new statement later this year clarifying the role of POC glucometers in the ICU. Until then, healthcare providers should be aware that POC accuracy in the intensive care setting continues to be debated.
OPEN ACCESS
In summary, our patient recovered to her baseline status and was discharged back to the nursing home. Even after the POC testing source was changed to the blood at her central access (PICC line), there were occasions when the POC glucose results were low and it is unclear if this was due to retesting a capillary sample, true hypoglycemia, or problems with the meter itself. Her case reminds us of the multiple sources of error inherent in POC testing and the caution that must be exercised in interpreting POC glucose values. Health care providers should critically interpret abnormal results and perform necessary checks in order to maintain patient safety.
Most institutions have protocols for glycemic management, therefore establishing a set of systemic checks and balances. With these in place, all healthcare providers are aware of the limitations of this technology, especially in critically ill patients. The protocols for continuous intravenous insulin infusion at our institution are as follows: after initiation of the insulin drip, fingerstick glucose is checked every hour until within goal range for 4 hours, and then fingerstick glucose levels are checked every 2 hours. Additionally, if patients are on pressors, require dialysis, or are hypotensive, thermally injured, or have severe hepatic dysfunction, severe peripheral edema, or requires more than 20 units/hour of insulin, serum blood glucose levels are drawn to confirm fingerstick reading twice daily. If at any time, there is a discrepancy of greater than 30 mg/dL between serum glucose and POC glucose, only the serum glucose measurements are used.
CONCLUSION
This case is a reminder to evaluate for all causes for abnormal laboratory values, including technological limitations. We suggest a precaution of drawing a serum or plasma sample for the central laboratory to confirm POC meter testing per our protocol above. We are not calling for the abandonment of POC glucometers in the inpatient hospital setting, but a renewed awareness of their limitations and a discerning mind when assessing results at the extremes of glycemia.
